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Method for detection of drug-induced mutations 
in the reverse transcriptase gene. 

The present invention relates to the field of HIV diagnosis. More particularly, the 
present invention relates to the field of diagnosing the susceptibility of an HIV sample to 
antiviral drugs used to treat HIV infection. 

The present invention relates to a method for the rapid and reliable detection of 
drug-induced mutations in the HIV reverse transcriptase gene allowing the simultaneous 
characterization of a range of codons involved in drug resistance using specific sets of 
probes optimized to function together in a reverse-hybridisation assay. 

During the treatment of human immunodeficiency virus (HIV) type 1 infected 
individuals with antiretroviral nucleoside analogs emergence of resistance against these 
drugs has been observed. The mechanism responsible for the resistance is not fully 
understood, since the appearance of a resistant virus in not always correlated with clinical 
deterioration (Boucher et al. 1992). Amongst the reverse transcriptase (RT) inhibitors, the 
nucleoside analogs 3'-azido-2',3'-dideoxy Thymidine (AZT, Zidovudine), 2\3'- 
dideoxylnosine (ddl), 2\3'-dideoxyCytidine (ddC), (-)-(M.-2\3'-dideoxy-3'-mioCytidine 
(3TC), r.j'-didehydro-S'deoxyThymidine (D4T) and (-)-2'3'-dideoxy-5-fluoro-3'- 
thiacytidine (FTC) are the most important, since they show a favourable ratio of toxicity 
for the host versus efficacy as antiviral. All these compounds act in a similar way, namely 
they serve, after intracellular phosphorylation, as chain terminators of the RT reaction. 
Upon prolonged treatment with these nucleoside analogs, accumulation of mutations in the 
viral reverse transcriptase gene (RT) occur, thereby escaping the inhibitory effect of the 
antivirals. The most important mutations induced by the above compounds and leading 
to gradually increasing resistance were found at amino acid (aa) positions 41 (M to L), 69 
(T to D), 70 (K to R), 74 (L to V), 181 (Y to C), 184 (M to V) and 215 (T to Y or F) 
(Schinazi et al., 1994). Mutations at aa 65 , 67, 75 and 219 have also been reported but 
these were only showing a minor decrease in sensitivity. More recently, multi-drug- 
resistant HIV-1 strains were described showing aa changes at codon 62, 75, 77, 116, and 
151 (Iversen et al.. 19%). In general, these aa changes are the consequence of single 
point mutations at the first or second codon letter, but in the case of T69D (ACT to 
GAT), T215Y (ACC to TAC) and T215F (ACC to TTC), two nucleotide mutations are 
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necessarry. Whether in these cases the single nucleotide mutation intermediates exist, and 
if they show any importance in the mechanism for acquiring resistance is as yet not 
reported. Third letter variations are in general not leading to an amino acid change, and 
are therefore seen as natural polymorphisms. 
5 The regime for an efficien, antivira! rreauoen. is no. dear ,. a.1. The appearance of 

one or several of rhese mutator* during antiviral n-eaunen, need to be interpreted m 
conjunction with rhe virus toad and the amount of CD4 celis. Indeed, since U has been 
shown that the effect of AZT resisrance mutations can he suppressed after me appearearce 
of the 3TC induced M184V muution. k is dear rha, disease progression is muUtfactonal. 
,0 The influence of „u« simmutteous occuring mutations under differen. combina.to» 

Uterapies witi, respect to the outcome and resistance of the virus has no. ye, been analysed 
sys^maUcany. In order ,0 get a beuer insight into the mechamsms of resistance : mi HW 
biotogy. U is neceasarry to ana.yse follow-up plasma samp.es of antivira. uea^d pauems 
for L* muutiona. even* together wiUt me simultaneous curing changes of vtnts mre 

15 and CD4 cells. 

I, is an aim of die presen. invention .o develop a rapid and reliable de.ec.ton 
■ncthod for de.ermtna.ion of ft. antiviral drug resistance of viruses which contain reverse 
.ranscripmse genes such as HIV retroviruses and Hepadnaviridae present in a btologtcal 

sample. 

More particularly it is an aim of the present invention to provide a geno.yp.ng 
assay allowing the de,ec.ion of dte differen. HIV RT gene wild rype and mutation oodons 
involved in die antiviral resistance in one single experiment. 

,, is a.so an aim of the presen. invenuon ,„ provide an HIV RT gentling assay 
or memod which allows .o infer the nue.eo.ide sequence a, eodons of imeres. and/or tine 
25 amino acids a. *e codo* of imeres. and/or *e amiviral dn,g resisunce spectrum, and 
possibly also infer tire HIV type or subtype isolate involved. 

Even more par.icu.arl, i, is an aim of the present invenuon to provide a geoo W mg 
assay .Lowing o,e demotion of tire differen. HIV RT gene polymorphisms representing 
wild-type and muution codons in one single experimenul setup. 
30 1, is another aim of ttte presen. invention » selec. particular probes able .o 

discriminam wild-type HIV RT sequences from muuned or polymorphic HIV RT 
sequences conferring resUumce ,o one or more amiviral drugs, such as AZT. ddl. ddC, 
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3TC or FTC, D4T or others. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated or polymorphic HIV RT 
sequences conferring resistance to AZT. 
5 It is more particularly an aim of the present invention to select particular probes 

able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to ddl. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
10 conferring resistance to ddC. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to 3TC. 

It is more particularly an aim of the present invention to select particular probes 
15 able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to D4T. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to FTC. 
20 It is more particularly an aim of the present invention to select particular probes 

able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
conferring resistance to multiple nucleoside analogues (i.e. multidrug resistance). 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
25 conferring resistance to nevirapine. 

It is more particularly an aim of the present invention to select particular probes 
able to discriminate wild-type HIV RT from mutated HIV RT sequences involving at least 
one of amino acid positions 41 (M to L), 50 (I to T), 67 (D to N). 69 (T to D), 70 (K to 
R), 74 (L to V), 75 (V to T) f 151 (Q to M or L), 181 (Y to C), 184 (M to V), 215 (T to 
30 Y or F) and 219 (K to Q or E) of the viral reverse transcriptase (RT) gene. 

It is particularly an aim of the present invention to select a particular set of probes, 
able to discriminate wild-type HIV RT sequences from mutated HIV RT sequences 
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conferring r«isuncc ,o any of the a*ivira. drugs defined above with this par.icu.ar so of 
probes being used in a reverse hybridisation assay. 

„ is moreover an aim of die present invention to eotnbine a set of selected probes 
able to discrtaina.e wUd-type HIV RT sequences from mutated HIV « 
conferring resist to antiviral dntgs with another se, of selected probes a * » - -ft 
the ffl V isolate. W or subrype present in me biologica. sampie, whereby ... probes 
be used under the same hybridisation and wash-conditions. 

It is also an ata of the present invention to select primers enabltng the 
amplification of the gene fragment*) determining the antiviral drug resist trat, of 

'"""'The present invention a.so aims a. diagnostic Kits comprising said probes useful for 

developing such a genoryping assay 

All flte aims of the present invention have been me. by the following spectftc 

^Tpresent invenrion reU.es more particular,, ,0 a meutod for determining the 
suscepubnity . antiviral drugs of an HIV retrovirus present in a bio.ogical sample. 

Tufted „ ^ isolating or concemrarmg the po.ynuc.eic acids present in me 

(B He^be amplify!* the relevam par, of the reverse transcrip.se genes present in 

said sample with at least one suitable primer pair; 
« hybridizing d* po,yn»cleic acids of aep <i) or 00 whh a. leas, two RT gene probes 
hybridizing specif.ca.ly . a, leas, one urge, serene as mentioned .„ any of 
rLre .and uh.es .. 2 or 4. whh said probes betog applied to taown .ocanoos o, a 
Jud support and with said probes being capable of stauhaneously hybndutng .o 
their respective urge, regions under appropiae hybridization and wash condntons 
auowin* the deletion of homologous targets, o. wid, said probes hybnd^mg 
specify whh a sequence complementary to any of said targe, sequences, or a 
sequence whereto T in said urget sequence is replaced by U; 
fivi detectine .he hybrids formed in step (iii); 

" Z in L caL, inferring dte nucleotide sequel a, the eodons of to,eres, a^or 
te amino acids a. Ore codons of .merest and/or me antiviral drug restsunce 
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spectrum, and possibly the type of HIV isolates involved from the differential 
hybridization signal(s) obtained in step (iv). 

The relevant part of the RT gene refers to the regions in the RT gene harboring 
mutations causing resistance to antiviral drugs as described above and is particularly 
comprised between codons 1 and 241, and more particularly between codons 29 and 220 of 
the RT gene. 

According to a preferred embodiment of the present invention, step (iii) is 
performed using a set of at least 2, preferably at least 3, more preferably at least 4 and 
most preferably at least 5 probes meticulously designed as such that they show the desired 
hybridization results, when used in a reverse hybridisation assay format, more particularly 
under the same hybridization and wash conditions. 

According to a preferred embodiment, the present invention relates to a set of at 
least 2 probes each targetting one or more of the nucleoside RT inhibitor induced 
nucleotide changes or target sequences including such a nucleotide change as indicated in 
any of Figure 1 or Tables 1, 2 or 4. The numbering of HIV-1 RT gene encoded amino 
acids is as generally accepted in literature. 

More prefererably, the present invention relates to a set of two or more probes 
each targetting two, three, four, five or more different nucleoside RT inhibitor induced 
nucleotide changes as indicated in any of Figure lor Tables 1, 2 or 4. 

More particularly, the present invention relates to a set of at least 2 probes allowing 
the characterization of a wild-type, polymorphic or mutated codon at any one of the drug- 
induced mutation positions represented in any of Figure 1 or Tables 1 or 2 or at any one 
of the polymorphic positions represented in Table 4. 

Even more particularly, the present invention relates to a set of at least 2 probes 
allowing the characterization of a wild-type, polymorphic or mutated codon at any of the 
positions represented in Figure 1 . 

All the above mentioned sets of probes have as a common characteristic that all the 
probes in said set are designed so that they can function together in a reverse-hybridization 
assay, more particularly under similar hybridization and wash conditions. 

A particularly preferred set of probes selected out of the probes with SEQ ID NO 1 
to 161 of Table 3 is described in example 2.2 and is indicated in Table 4 and Figure 2. 
The particularly selected probes are also indicated in Table 3. 
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A particularly preferred ercbodiment of the present invention is a method for 
detemtinutg *. , antiviral drugs of - H.V isola.es in a 

of pro bes as defined above, wherein said ser of probes is charactenzed as betng chosen 
such tha, for a given mutation closed In any of Figure 1. or Tab.es I. 2 or 4 *e 
following probes are included in said set 

a. L one probe for detecting rhe presence of drug hrfuced mtuatton a. sa.d 

position; 

a, leas, one probe for derecring d* presence of a wild-type sequence a, sard 

also (an, additional probe(s) for de.ec.ing wild-type polymorphisms a. 
positions surrounding the mutation position, 
fusion of the.a«er rwo rypes of probes great., contributes to increasing the . 
sensitivity of said assays as demons^ in the examples section. 

A particularly preferred se, of probes in this respect ts shown . Tables 3 and 4 an 

W R8 " reS :,l 3 sets of probes according to the present invention h*.ude a, .as, one 
pxobe. preferaMy a, leas, two probes, characterizing the presence of a drug-traced 
Lation in a codon position chosen from the foUowing M of notions * » 
.nutations in the HIV RT gene: 4,. 50, 67. 69. 70. 74. 75. .51, Ml. .84. 215 -19. 
2Q Tid probes being characterized in tba. Otey can function in a tnedtod as se, on, abo.. 

AUo select probes according » *. present invention are pn*es ** - 
differentiate an, of the nucleotide changes as represented in an, of F,*« . «™° 1. 
or 4. Said probes being characterized in m they can taction m a method as se, ou, 

^ Also select sets o, probes fo, use in a tnethod according ,o the presen. invention 
iacfcde at leas, one. preferably a, leas, two (se,s of) probes, wid, said probes 
characterizing the presence of a drug-induced nation in two cCon 
to mowing lis, of codon combtaations. with said codons being - ™-»- 

U, the HIV RT ge*; 4, and,or 50; 4, a^or 67; 41 anflor «* « a^or 70 4. 
74 41 and/or 75; 4, and/or ,51; 1 and/or .81; 4, and/or .84; 41 "* ° 

9- 50 andior 67; 50 and/or 69; 50 and/or 70; 50 and,or 74; 50 an*or 75; 



25 



30 
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69; 67 and/or 70; 67 and/or 74; 67 and/or 75; 67 and/or 151; 67 and/or 181; 67 and/or 
184; 67 and/or 215; 67 and/or 219; 69 and/or 70; 69 and/or 74; 69 and/or 75; 69 and/or 
151; 69 and/or 181; 69 and/or 184; 69 and/or 215; 69 and/or 219; 70 and/or 74; 70 
and/or 75; 70 and/or 151; 70 and/or 181; 70 and/or 184; 70 and/or 215; 70 and/or 219; 
74 and/or 75; 74 and/or 151; 74 and/or 181; 74 and/or 184; 74 and/or 215; 74 and/or 
219; 75 and/or 151; 75 and/or 181; 75 and/or 184; 75 and/or 215; 75 and/or 219; 151 
and/or 181; 151 and/or 184; 151 and/or 215; 151 and/or 219; 181 and/or 184; 181 and/or 
215; 181 and/or 219; 184 and/or 215; 184 and/or 219; 215 and/or 219. 

Even more preferred selected sets of probes for use in a method according to the 
present invention include in addition to the probes defined above a third (set of) probe(s) 
characterizing the presence of a third drug-induced mutation at any of positions 41, 50, 67, 
69, 70, 74, 75, 151, 181, 184, 215 or 219, or particular combinations thereof. 

Particularly preferred is also a set of probes which allows simultaneous detection of 
antiviral resistance at codons 41, 50, 67, 69, 70, 74, 75, 151, 181, 184 and 215, possibly 
also at codon 219. 

An additional embodiment of the present invention includes at least one probe, 
preferably at least two probes, characterizing the presence of a drug-induced mutation in 
codon positions chosen from the list of codons susceptible to mutations in the HIV RT 
gene as mentioned in any of Table 1 or 2, such as at codons 65, 115, 150, 98, 100, 103, 
106, 108, 188, 190, 138, 199, 101, 179, 236, 238 or 233, with said probes forming 
possibly part of a composition. 

Particularly preferred embodiments of the invention thus include a set of probes for 
codon 41 comprising at least one, preferably at least two, probe(s) for targetting at least 
one, preferably at least two, nucleotide changes in any the following codons as represented 
in region I in Figure 1 : 

wild-type codon E40 (GAA) or polymorphic codon E40 (GAG), mutant codon L41 (TTG) 
or Ml (CTG) or wild-type codon M41 (ATG), wild-type codon E42 (GAA) or 
polymorphic codon E42 (GAG), wild-type codon K43 (AAG) or polymorphic codon K43 
(AAA) or polymorphic E43 (GAA). 

Particularly preferred embodiments of the invention thus include a set of probes for 
codon 50 comprising at least one, preferably at least two, probe(s) for targetting at least 
one, preferably at least two, nucleotide changes in any the following codons as represented 
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in region II in Figure 1 : s V5Q 

wild-type codon K49 (AAA) or polymorphic codon R49 (AGA), m 

... ISO fATT) or polymorphic codon 150 (A1C). 

.^■m nr T50 (ACG), wild-type codon 15U (A 1 1 ) or P««y f 

( ^ — * - — *- inc,u<,e 1 *■ ° f p i 

!23r - « - — - — * - - - fo,,wtas codons 

represent in region IV of Ftgurel: wild-type L74 (TTA) or muiam V74 

wUd-typ. K73 (AAA) - polymotphtc K73 <AAG). w« ■** ^ 
(GTA), wild-type V75 (OTA) or polymorph* V75 (GTG) or mu 
type D76 (GAT) or polymorphic D76 (GAC). 

„„ preferred embodtmen, — - - 

for 1M cnnpnstng , ^ ^^'^ J.low,, codons as 
one, preferably at least two, nucleotide changes in any 

T^S^ U. <CTC or U. <CTG), M «» 

« <c->- — •» <c - - rouoM MK1 <ATG) or 

5 L151 (CTG) or polymorphic Q151 (CAA). 

— preferred embodiments of the present -* ^ ^ 

for codon 1S1-W compnsihg a. leas, one. P^b., » M P 
« ,eas, one. preferably . M nucleotide changes m any of me followm, 
represent in region VI of Figure ,1: ^ 
30 wild-type YW (TAT) or mutam CIS! (TGT), wtld we Q 

QU2 (CAG), wild-type Y183 (TAC, or polymorph* Y ^^J^ (QAT) or 
(ATG) or mutant V!84 (GTG) or 1184 (ATA) or G184 (AGO), wtld typ 



10 
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polymorphic D185 (GAC), wild-type D186 (GAT) or polymorphic E186 (GAG), wild-type 
L187 (TTA) or polymorphic G187 (GGA) or V187 (GTA). 

Particularly preferred embodiments of the present invention include a set of probes 
for codon 215 comprising at least one, preferably at ieast two, probe(s) for targetting at 
5 least one, preferably at least two, nucleotide changes in any of the following codons as 
represented in region VII of Figure 1 : 

wild-type G213 (GGA) or polymorphic G213 (GGG), wild-type F214 (TTT) or 
polymorphic F214 (TTC) or L214 (CTT) or L214 (TTA), wild-type T215 (ACC) or 
polymorphic T215 (ACT), mutant Y215 (TAC) or F215 (TTC). 
10 Particularly preferred embodiments of the present invention include a set of probes 

for codon 219 comprising at least one, preferably at least two, probe(s) for targetting at 
least one, preferably at least two, nucleotide changes in any of the following codons as 
represented in region VIII of Figure 1 : 

wild-type D218 (GAC) or polymorphic D218 (GAT), wild-type K219 (AAA) or 
15 polymorphic K219 (AAG) or mutant Q219 (CAA) or E219 (GAA), wild-type K220 (AAA) 
or polymorphic K220 (AAG). 

Examples of probes of the invention are represented in Tables 3 and 4, and Figures 
2 and 3. In Table 3, the probes withheld after selection are indicated using the letter "y". 
These probes of the invention are designed for attaining optimal performance under the 
20 same hybridization conditions so that they can be used in sets of at least 2 probes for 

simultaneous hybridization; this highly increases the usefulness of these probes and results 
in a significant gain in time and labour. Evidently, when other hybridization conditions 
would be preferred, all probes should be adapted accordingly by adding or deleting a 
number of nucleotides at their extremities. It should be understood that these concommitant 
25 adaptations should give rise to essentially the same result, namely that the respective 

probes still hybridize specifically with the defined target. Such adaptations might also be 
necessary if the amplified material should be RNA in nature and not DNA as in the case 
for the NASBA (nucleic acid sequence-based amplification) system. 

The selection of the preferred probes of the present invention is based on a reverse 
30 hybridization assay using immobilized oligonucleotide probes present at distinct locations 
on a solid support. More particularly the selection of preferred probes of the present 
invention is based on the use of the Line Probe Assay (LiPA) principle which is a reverse 
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« iM oligonucleotide probes tamobiUzed as parallel lines on a solid 
hybridization assay using oltgonucleouoe p 04,126701 This approach 

suppon strip (Sntyver et al. .993; international appltcatton WO KM ^ 
uLicutaly advatuageous since it is fast and staple to perform. The reverse 

tafo ™:;: it— *~ . - - - - - 

«r the selected probes as described farther in the invention, is also 
format using any of the selected pruu» 

«*SL on a solid suppor, and .hat the .argc, DNA is labelled in order to enable 
the detection of the hybrids formed. ^ 
Meltods for detecting nucleotide changes . RT genes of * «. 

t j„„ resistance mutation suntlar to the one oDservcu 
,5 been fonnd to harbour a pattern of dntg-reststance mu understood 
HIV based on the same principles as se, on, in the present tnventton should be 
as also being covered by the scope of the present invention. 

The following defmitions serve to illusuate the terms and expresstons use 

preKm mventan. ^ ^ _ ^ ^ ^ or 

M an , oT^l. Bx-npl o, such antiviral drugs and the mutation fte, n*y cause 

get* are disclosed in Schioazi et *. 1994 and MeHors e, a... 
21 of ti* L two d^umems particular,, are to be conside^d as onnmgj- 
L ^ invention. The most taportam amivtia. drugs foosssed a. tn the present 
25 invention are disclosed in Tables 1 to 2. 

The term "drug-induced mutation" refers to a mumton m me HIV g 
provokes a reduced suscoptibitity of the isolate to the respective drug 
' The targe, material in ft. samples .„ be analysed ma, eifter he DNA o WA. 
. g ■ genomic DNA. messenger RNA, vira, RNA o, amplified versions .hereof. These 

methods according to the present invention. 
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Well-known extraction and purification procedures are available for the isolation of 
RNA or DNA from a sample (f.i. in Maniatis et al.. Molecular Cloning: A Laboratory 
Manual, 2nd Edition, Cold Spring Harbour Laboratory Press (1989)). 

The term "probe" refers to single stranded sequence-specific oligonucleotides which 
5 have a sequence which is complementary to the target sequence to be detected. 

The term "target sequence" as referred to in the present invention describes the 
nucleotide sequence of the wildtype, polymorphic or drug induced variant sequence of the 
RT gene to be specifically detected by a probe according to the present invention. This 
nucleotide sequence may encompass one or several nucleotide changes. Target sequences 
10 may refer to single nucleotide positions, codon positions, nucleotides encoding amino acids 
or to sequences spanning any of the foregoing nucleotide positions. In the present inveniion 
said target sequence often includes one or two variable nucleotide positions. 
It is to be understood that the complement of said target sequence is also a suitable target 
sequence in some cases. The target sequences as defined in the present invention provide 
15 sequences which should be complementary to the central part of the probe which is 
designed to hybridize specifically to said target region. 

The term "complementary" as used herein means that the sequence of the single 
stranded probe is exactly the (inverse) complement of the sequence of the single-stranded 
target, with the target being defined as the sequence where the mutation to be detected is 
20 located. 

Since the current application requires the detection of single basepair mismatches, 
very stringent conditions for hybridization are required, allowing in principle only 
hybridization of exactly complementary sequences. However, variations are possible in the 
length of the probes (see below), and it should be noted that, since the central part of the 

25 probe is essential for its hybridization characteristics, possible deviations of the probe 

sequence versus the target sequence may be allowable towards head and tail of the probe, 
when longer probe sequences are used. These variations, which may be conceived from 
the common knowledge in the art, should however always be evaluated experimentally, in 
order to check if they result in equivalent hybridization characteristics than the exactly 

30 complementary probes. 

Preferably, the probes of the invention are about 5 to 50 nucleotides long, more 
preferably from about 10 to 25 nucleotides. Particularly preferred lengths of probes include 
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10 11 12. 13, 14, 15, 16. 17, 18, 19, 20, 21, 22. 23. 24 or 25 nucleotides. The 
nucleotides as used in the present invention may be ribonucleotides, deoxyribonucleoudes 
and modified nucleotides such as inosine or nucleotides containing modified groups wh.ch 
do not essentially alter their hybridisation characteristics. 

Probe sequences are represented throughout the specification as single stranded 
DNA oligonucleotides from the 5' to the 3' end. It is obvious to the man skilled m the art 
that any of the below-specified probes can be used as such, or in their complementary 
form, or in their RNA form (wherein T is replaced by U). 

The probes according to the invention can be prepared by cloning of recombmant 
plasmids containing inserts including the corresponding nucleotide sequences, if need be by 
cleaving the latter out from the cloned plasmids upon using the adequate nucleases and 
recovers them, e.g. by fractionation according to molecular weight. The probes 
according* the present invention can also be synthesized chemically, for instance by the 

conventional phospho-triester melhod. 

The term "solid support- can refer .0 any subsume to which an oligotatc.eo.toe 
probe can be coupled, provided rha. h retains Us hybridization characmristics and provided 
m fte backeround level of hybridization remains low. Usually the solid substrate w..l be 
a mictomer pla*. a membrane (e.g. nylon or nirrocellulose) or a microsphere (bead or a 
chip. Prior .0 application to the membrane or fixation it may be convenient ,0 modtfy .he 
^.eic acid probe in order to facditate fixation or improve * hybridization efficency 
Such orodiftcarions may encompass homopotymer .ailing, coupling with different reacnve 
groups such as aliphatic groups. NH, groups. SH groups, carbolic groups, or couplmg 

with biotin, haptens or proteins. 

The «erm "labelled- refers » the use of labelled nucleic acids. Ubelling may be 
c^ta, out by uk use of labelled nucleotides incorporared during ft. polynKrase step of 
te amplification such as i.U«ra,ed by SaUti e. a). (.988) or Bej e. al. (.990, or LbeHed 
primers, or bv any other method known .0 .he person skated in the an. The nature of fte 
label may be isompic ( !! P. "S, em.) or non-isoropic (biotin. digoxigemn. em ). 

The term "primer- refers .0 a single suanded oligonucleotide sequence capable of 
acting as a pom. of initiation for synthesis of a primer extension product which is 
complementary ,0 fte nucleic acid strand ,0 be copied. The tengft and .he sequence of the 
primer mus. be such fta. they al.ow .0 prime fte syndesis of fte extension produas. 
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Preferably the primer is about 5-50 nucleotides long. Specific length and sequence will 
depend on the complexity of the required DNA or RNA targets, as well as on the 
conditions of primer use such as temperature and ionic strenght. 

The fact that amplification primers do not have to match exactly with the 
corresponding template sequence to warrant proper amplification is amply documented in 

the literature (Kwok et al., 1990). 

The amplification method used can be either polymerase chain reaction (PCR; Saiki 
et al.. 1988), ligase chain reaction (LCR; Landgren et al., 1988; Wu & Wallace, 1989; 
Barany, 1991), nucleic acid sequence-based amplification (NASBA; Guatelli et al., 1990; 
Compton, 1991), transcription-based amplification system (TAS; Kwoh et al. , 1989), 
strand displacement amplification (SDA; Duck, 1990, Walker et al., 1992) or amplification 
by means of QB replicase (Lizardi et al., 1988; l^meli et al., 1989) or any other suitable 
method to amplify nucleic acid molecules known in the art. 

The oligonucleotides used as primers or probes may also comprise nucleotide 
analogues such as phosphorothiates (Matsukura et al., 1987). alkylphosphorothiates (Miller 
et al., 1979) or peptide nucleic acids (Nielsen et al., 1991; Nielsen et al., 1993) or may 
contain intercalating agents (Asseline et al., 1984). 

As most other variations or modifications introduced into the original DNA 
sequences of the invention these variations will necessitate adaptions with respect to the 
conditions under which the oligonucleotide should be used to obtain the required specificity 
and sensitivity. However the eventual results of hybridisation will be essentially the same 
as those obtained with the unmodified oligonucleotides. 

The introduction of these modifications may be advantageous in order to positively 
influence characteristics such as hybridization kinetics, reversibility of the hybrid- 
formation, biological stability of the oligonucleotide molecules, etc. 

The "sample" may be any biological material taken either directly from the infected 
human being (or animal), or after culturing (enrichment). Biological material may be e.g. 
expectorations of any kind, broncheolavages, blood, skin tissue, biopsies, sperm, 
lymphocyte blood culture material, colonies, liquid cultures, faecal samples, urine etc. 

The sets of probes of the present invention will include at least 2, 3, 4, 5, 6, 7, 8, 
9. 10, 11. 12, 13, 14, 15, 16, 17, 18, 19. 20. 21, 22, 23 , 24, 25 , 26. 27 , 28, 29, 30 or 
more probes. Said probes may be applied in two or more distinct and known positions on a 
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solid substrate. Often it is preferable to apply two or more probes together in one and the 

same position of said solid support. 

For designing probes wim desired characteristics, rhe following useful gmdehnes 

known rorhe person skilled hi ihe art can be applied. 

Because the exrem and specificity of hybridization reactions such as those descnbed 
herein are affected by a number of facrors. manipulation of one or more of those factors 
„„, determine me exac, sensitive and specific*, of a particular probe, whether perfectly 
complement ,o its urge, or not. Tbe importance and effecr of various assay condmons. 
explained further herein, are known to those skilled in the art. 

The stabilit, of the [probe : urge.) nucleic acid hybrid should be chosen to be 
compatible with me assay conditions. This may be accomplished by avoiding long AT-rrch 
sequences, by rerminating the hybrids wim G:C base pairs, and by designing me probe 
with an appropriare Tm. Tl« beginning and end points of the probe should he chosen so 
rha. me length a* %GC result in a Tm about MO-C higher man me temperature a. 
which the final assay win be performed. The base composition of rhe probe is signtflcant 
because G-C base pairs exhibit grearer thermal stability as compared ,o A-T base pans due 
,„ additional hydrogen bonding. Thus, hybridization involving complement micleic actda 
of hither G-C content will be arable at higher temperamres. 

' Crmditions such as ionic srrengh, ami incubation temperature under which a probe 
will be used should also be taken imo accounr when destgning a probe. 1. is known that 
hybridization will increase as U* ionic strenghr of me reaction mixmre increases^ ma, 
.he dtermal stabilhy of the hybrids wi.1 increase wim ..erasing ionic strengh.. On .he 
o*er hand, chemical reagents, such as formamide, urea, DMSO and ateobols, whtch 
dismp. hydrogen bonds, will increase the stringency of hybridization. Desrabilization of the 
hydrogen bonds by such reagents can grearly reduce the Tm. In general, optimal 
hybridization for synrheric oligonucleotide probes of about 10-50 bases in lengtit occurs 
approximarely 5°C below me melting temperarure for a given duplex. Incubation a, 
remperanzres below the optimum may allow mismatched base sequences ,o hybrtdtze and 
can therefore result in reduced specificity. 

1, is desirable to have probes which hybridize only under conditions of lugh 
aringencv. Under high sningency conditions only highly complement, nucleic acm 
hybrids will form, hybrid, without a sufficiem degree of complement, will no, form. 
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Accordingly, the stringency of the assay conditions determines the amount of 
complementarity needed between two nucleic acid strands forming a hybrid. The degree of 
stringency is chosen such as to maximize the difference in stability between the hybrid 
formed with the target and the nontarget nucleic acid. In the present case, single base pair 
changes need to be detected, which requires conditions of very high stringency. 

The length of the target nucleic acid sequence and, accordingly, the length of the 
probe sequence can also be important. In some cases, there may be several sequences from 
a particular region, varying in location and length, which will yield probes with the desired 
hybridization characteristics. In other cases, one sequence may be significantly better than 
another which differs merely by a single base. While it is possible for nucleic acids that 
are not perfectly complementary to hybridize, the longest stretch of perfectly 
complementary base sequence will normally primarily determine hybrid stability. While 
oligonucleotide probes of different lengths and base composition may be used, preferred 
oligonucleotide probes of this invention are between about 5 to 50 (more particularly 10- 
25) bases in length and have a sufficient stretch in the sequence which is perfectly 
complementary to the target nucleic acid sequence. 

Regions in the target DNA or RNA which are known to form strong internal 
structures inhibitory to hybridization are less preferred. Likewise, probes with extensive 
self-complementarity should be avoided. As explained above, hybridization is the 
association of two single strands of complementary nucleic acids to form a hydrogen 
bonded double strand. It is implicit that if one of the two strands is wholly or partially 
involved in a hybrid that it will be less able to participate in formation of a new hybrid. 
There can be intramolecular and intermolecular hybrids formed within the molecules of 
one type of probe if there is sufficient self complementarity. Such structures can be 
avoided through careful probe design. By designing a probe so that a substantial portion of 
the sequence of interest is single stranded, the rate and extent of hybridization may be 
greatly increased. Computer programs are available to search for this type of interaction. 
However, in certain instances, it may not be possible to avoid this type of interaction. 

Standard hybridization and wash conditions are disclosed in the Materials & 
Methods section of the Examples. Other conditions are for instance 3X SSC (Sodium 
Saline Citrate), 20% deionized FA (Formamide) at 50°C. 

Other solutions (SSPE (Sodium saline phosphate EDTA), TMAC1 (Tetramethyl 
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ionium Chloride), «., an, -^-J - - - - ^ 
^ seosidvdy of » probes is mainuined. « - *• 

.engU, or in sequence have ,o be carried m . maimain <he specfic, and sensnmty 
required under the given circumstances. 

la , more preferenda. embody. dre above-meudoned po,ynuc.e,c «* from 
sap (i) or 00 are hybridized wid, at .eas. two. rhree. four. five. six. se»ea. e.ghi. nrae. 
r evea rweWc, ddnee, founeen. fifieea. sixteen. seve»leen, eigWeen, ..neteen 
rCTnrore of dre above-menrioned target region specific probes. prefer*,, w«h 5 or 
6 probes, which. taken togedKt, cover rhe -maiauon region" of the RT geae. 

Therm -mmauon region" meaas d. region in d* HIV RT geae sequence where 
mos t of d* murauoas responsible for anrivira! drug resist or other observed 

a- located Apreferred part of this mutation region >s represented >n fig. 

locL win,, aa poshions 38 to 44 of RT geae. drug induced varans 
^polymorphisms .ocated within aa positions 47 ,0 53 of RT geae, drug ^ 
varials and polymorphisms loca«d widda aa posirions 65 ,0 72 of - « 

variadons and polymorphisms locacd widdn aa posidons 73 ,0 77 of £ R 
aene drag-induced variations and polymorphisms located widdn aa posmons ,48 ,0 .54 

L variations and po,ymorphis»s ,«ated widun ,a postrtons .80 

r W £ RT gene, drug urfuced variadons and po„morpldsms ,oca,ed w.d™ aa 
posirions 212 .0 2,6 of the RT gene and drng induced variations and polymorphs 
locattd within aa posidons 217 10 220 of the RT gene. 

Since some mutations may be more frequeml, occurring .ban omers. .* ^ «- 
.eographic areas or in specific circumsrances (e.g. rarher Cosed W» 

Ive This would reaui, in a more simp., test, W hich wou,d cover the needs under cenatn 

3er to de.ee, me anrivira, drug RT resistance pauern with me seleaed ser 0, 
ofigonudeoride probes, any hybridization memod known in d. art can be used 
30 (convendonal dot-blot. Soudrern blot, sandwich, etc.). 

However, in order ,0 obuin fas, art easy results if a muUKud. of probes are 
involved, a reverse hybridizadon forma, may be most comment. 



25 

circumstances 
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In a preferred embodiment the selected set of probes are immobilized to a solid 
support in known distinct locations (dots, lines or other figures). In another preferred 
embodiment the selected set of probes are immobilized to a membrane strip in a line 
fashion. Said probes may be immobilized individually or as mixtures to delineated 
locations on the solid support. 

A specific and very user-friendly embodiment of the above-mentioned preferential 
method is the LiPA method, where the above-mentioned set of probes is immobilized in 
parallel lines on a membrane, as further described in the examples. 

The invention also provides for any probes and primer sets designed to specifically 
detect or amplify specifically these RT gene polymorphisms, and any method or kits using 
said primer and probes sets. 

The invention further provides for any of the probes as described above, as well as 
compositions comprising at least one of these probes. 

The invention also provides for a set of primers allowing amplification of the 
mutation region of the RT gene in general. 

Primers may be labeled with a label of choice (e.g. biotine). Different primer-based 
target amplification systems may be used, and preferably PCR-amplification, as set out in 
the examples. Single-round or nested PCR may be used. 

The invention also provides for a kit for inferring the nucleotide sequence at codons 
of interest in the HIV RT gene and/or the amino acids corresponding to these codons 
and/or the antiviral drug resistance spectrum of HIV isolates present in a biological sample 
comprising the following components: 

(i) when appropiate, a means for releasing, isolating or concentrating the polynucleic 
acids present in said sample; 

(ii) when appropriate, at least one of the above-defined set of primers; 

(hi) at least two of the probes as defined above, possibly fixed to a solid support; 

(iv) a hybridization buffer, or components necessary for producing said buffer; 

(v) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization. 

(vii) when appropriate, a means for attaching said probe to a solid support. 

The term "hybridization buffer" means a buffer enabling a hybridization reaction to 
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Mcur ^ the probes and the po.ynuc.eic acids present in the sample. - the amplified 
products. under the appropiate stringency conditions. 

H,. term "wash solution" means a soIuUon enabling washing of the hybrtds formed 

under the appropiate stringency conditions. 

A line probe assay (LiPA) was designed for the screening for vartanons a. 
cresting amino acids in the HIV RT gene. The principie o, the assay is based on 
.verse hybridixauon o, an amplified polynucleic acid fragment such as a btounyUted PGR 
fragment of the HIV RT gene omo shor, oligonucleotides. The later hybrid can then, vta 
hiorine-strepuvidine coupling, be detected with a non-radioacive colour developtng 

10 Syam The present invention mnher relates to a reverse hybridization medtod wherein said 
oHeonucleodde probes are immobilized, preferably on a membrane stnp. 

" The present invention also relates to a composition comprtsutg any of the probes as 
defined in Tables 3 and 4 or Figures 2 and 3 . 

The present invention relates also to a ,1. for inferring the HIV RT restsunce 
„«— of HIV in a biological sample, coupled to the identiftcauon of the HIV tsolam 
involved, comprising the following components: ,^ Mhmu ,i e ic 

acids present in the sample; 
20 (U) when appropriate, a. least one of upsets of primers as defined , hove; 

tt!) a.leas.o^oftheprob^asdeflnedaoove.possiblymedtoaso.td^r,. 
M a hybridization buffer, or component necessary for producing satd buffer; 
(,) a wash solution, or componems ™y for printing said soluuon; 
«i when appropriare. a means fo, denting the hybrids resulting from dte preceotng 

25 hybridization; 

<vtt) when appropriate, a means for ahaching said probe to a solid support 

The following examples only serve to illustrate the present invenhon. These 
examples are tn no wa, intended to limtt the scope of the present invenuon 

FIGURE AND TABLE LEGENDS 

30 Figure .: Namral and drug induced variability in the vicinity of codons 41. 50, 67-70. 74- 
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75, 150, 181-184, 215 and 219 of the HIV RT gene. The most frequently observed wild- 
type sequence is shown in the top line. Naturally occuring variations are indicated below. 
Drug-induced variants are indicated in bold italics 

Figure 2 A . Reactivities of the selected probes for codon 41 immobilized on LiPA strips 
with reference material. The position of each probe on the membrane strip is shown at the 
right of each panel. The sequence of the relevant part of the selected probes is given in 
Table 4. Each strip is incubated with a biotinylated PCR fragment from the reference 
panel. The reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevant accession number 
given each time. *: False positive reactivities. On top of the strips, the amino acids at the 
relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 B. Reactivities of the selected probes for codons 69-70 immobilized on LiPA 
strips with reference material. The position of each probe on the membrane strip is shown 
at the right of each panel. The sequence of the relevant part of the selected probes is given 
in Table 4. Each strip is incubated with a biotinylated PCR fragment from the reference 
panel. The reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevant accession number 
given each time. •: False positive reactivities. On top of the strips, the amino acids at the 
relevant codon, as derived from the probe reactivity, is indicated. 

Figure 2 C. Reactivities of the selected probes for codons 74-75 immobilized on LiPA 
strips with reference material. The position of each probe on the membrane strip is shown 
at the right of each panel. The sequence of the relevant part of the selected probes is given 
in Table 4. Each strip is incubated with a biotinylated PCR fragment from the reference 
panel. The reference panel accession numbers are indicated in Table 4. For several probes 
multiple reference panel possibilities are available, but only one relevant accession number 
given each time. On top of the strips, the amino acids at the relevant codon, as derived 
from the probe reactivity, is indicated. 

Figure 2 D. Reactivities of the selected probes for codon 184 immobilized on LiPA strips 
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wim reference nvnerUl. The position of each probe on the membrane snip is shown « *e 
right of each panel. The sequence of me relevan. pan of me se.ec.eo probes is g,ven m 
Table 4 Each snip is incubated win, a biotinylated PCR fragment from the reference 
pane, The reference pane, accession numbers are indicated in Tabic 4. For severa. probes 
•U* reference pane, possibilities are available, bu, only one re.eva„, accession number 
given each time. On top of the snips, Ute amino acids a. me relevan. codon. as denved 
from the probe reactivity , is indicated. 

Figure 2 E. Reactivities of the setoed probe* for codon 2.5 unmobUized on LiPA snips 
wnh reference mater UL Use position of each probe on the membrane snip is shown a, the 
ri-h, of each pane!. The sequence of the relevan. par. of the se.ec.ed probes is given m 
Tab4e 4 Each strip is incubamd win, a btoinylared PCR fragmen. from te reference 
pane. The reference pane, accession numbers are indicattd in Tab.e 4. For severa. probes 
multiple reference pane, possibles are available, bu. only one re.evan. accession number 
given each time. On .op of tire snips, me amino acids a, relevan. codon. as denved 
from the probe reactivity, is indicated. 

Figuro 2 F. Reactivities of .he se.ec.ed probes for codon 219 immobilized on LiPA snips 
wnh reference mamrial. The position of each probe on rhe membrane snip is shown a, ft. 
rigm of each panel. The sentence of relevan. pan of ft. se.ecud probes is g,e„ m 
Table 4 Each snip is incubaed wim a biotiny.a t ed PCR fragment from .he reference 
pane,. The reference pane, accession numbers are hmiced in Tabic 4. For several probes 
muhiple refers panel possibilities are available, bu, on.y one relevam accesston number 
given each time. On rop of use snips, d. amino acids a. rhe relevant codon, as dertved 
from the probe reactivity, is indicated. 

Figure 3. Cluneal and virologica, feamres deniable in mree patiem ^IT^IS 
patiems were infecred wim a HTv-1 srrain showing the M41-T6».K7CU^5- 
M184-F214-T215-K219 genorype (wud type patiern). Top: Flucmations b«w«n plasma 
HIV RNA cop, numbers (■ ) and CI>4 cel. coun. (a) are given in Sanction of rune. The 
differen. ueaunen. regimens and rhe period of rreatmen. is indicated on top. M*dl* 
Changes ma. appeared during me rreaunen. period and urn could be scored b, means 
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the LiPA probes are indicated, for patient 91007 at codon 41 and 215; for patient 94013 at 
codon 184; for patient 92021 at codon 70. 214, 215, 219. Bottem: Corresponding LiPA 
strips for a subset of the aa changes are shown. LiPA probes are indicated on the left, the 
aa interpretation is indicated at the right of each panel. 

Figure 4. Reactivities of the selected probes for codons 151 and 181 on LiPA strips with 
reference material. The position of each probe on the membrane strip is shown at the right 
of each panel. The sequence of the relevant part of the selected probes is given in Table 3. 
LiPA strips were incubated with sequence-confirmed PCR fragments, extracted and 
amplified from: a wild-type HIV-1 isolate (strip 1), a wild-type isolate with a 
polymorphism at codon 151 (strip 2) or 149 (strip 3), a multi-drug resistant HIV-1 isolate 
(strip 4) with no information about codon 181 and a non-nucleoside analogue treated HIV- 
1 isolate which remained wild-type at codon 151 (strip5). 

Table 1: Mutations in HIV-1 RT gene associated with resistance against nucleoside RT 
inhibitors. More details are given in Mellors et al., 1995. 

Table 2: Mutations in HIV-1 RT gene associated with resistance against HIV-1 specific 
RT inhibitors. For more details see Mellors et al., 1995. 



Abbreviations in Table 1 and 2: 

AZT : 3 , -azido-2 , 3'-dideoxythymidine 

ddC : 2'3*-dideoxycytidine 

ddl : 2'3'-dideoxyinosine 

3TC : 3'dideoxy-3'-thiacytidine 

FTC : 2'3 -dideoxy-5-fluoro-3 , -thiacytidine 

L'697,593 : 5-ethyl-6-methyl-3-(2-phthalimido-ethyl)pyridin-2(lH)-one 
L697.66I : 3-Il(-4,7-dichloro-l,3-benzoxazol-2-yl)methyl amino-5-ethyl-6-methylpyridin- 
2(lH)-one 

Nevirapine : ll-cyclopropyl-5 , ll-dihydro-4-methyl-6H-dipyridol(3,2-b:2' ,3 , -e)diazepin-6- 
one 

TIBO R82150 : (+)-(5S)-4,5,6,7,-tetrahydro-5-methyl-6-(3-methyl-2 
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butenyl)imidazo(4,5,l-)k)(l,4)-benzodiazepin-2(lH)-thioiie 
TIBO 82913 : ( + ).(5S)^,5,6J,-tetrahydro-9-chloro-5-methyl-6-(3-methyl-2- 

butenyl)imidazo(4,5,l kj)-(l,4)benzo-diazepin-2(lH)-thione 
TSAO-m'T : (2\5'-bis^<tert-b^^ 

2\2'-dioxide) 

U90152 . l-(3-(l-methylethyl)-amino)-2- Py ridinyl^ 
indol-2yl)-carbonyl)-piperazine 

Table 3: HIV RT wi'ld-type and drug resis<ance mutation probes. The probes witheld after 
selection are indicated as "y". 

Table 4- Prediction and prevalence of UPA probe reactiviry. Probe names corresponding 
with ,he select motifs are presented in me left column, wi* me relevan. par. of 
each probe shown under the consensus. The prevalence of dtese mottves. . 
determined using p^ls of European and US sera, is given in me middle column. 
The right column indicates the corresponding strips of Figure 2 A-F and the 
accession number of the reference panel clone used to obtain mis rencvtr,. 

EXAMPLES 

Example 1: 

a Materials 3 nd methods. 

were taken from HIV type-1 infected patients and smred at -20 
un.il use. Patten* were treated wim A2T. ddl, ddC. D4T, 3TC. or several combtnauons 
o, these prodrugs. The European serum samples tested were randomly selector me 
US serum coUectton. only me first sample from a foHow-up series was uken. Some of 
these US patients were treated, others were not treated. 

HIV UNA was prepared using the guanminium-phenol procedure. Fifty ,4 plasma 
was mixed wim 150 ,1 TriaoLLS Reagent (Life Technologies, Gent, Belgium) a, room 
temperature (vohtme ratio: lum. sample/ 3 units Trizo. ). Lysis and denatured occured 
by careftnl, pipening up and down several times, followed b, an incubation step a, room 
■emperacure for a. .east 5 minu«s. Founy m. CHCL was added and .he mixture was 
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shaken vigorously by hand for at least 15 seconds, and incubated for 15 minutes at room 
temperature. The samples were centrifuged at maximum 12,000g for 15 minutes at 4°C, 
and the colourless aquous phase was collected and mixed with 100 /xl isopropanol. To 
visualize the minute amounts of viral RNA, 20 ixl of l/xg/jd Dextran T500 (Pharmacia) 
was added, mixed and left at room temperature for 10 minutes. Following centrifugation at 
max. 12,000g for 10 minutes at 4°C and aspiration of the supernatant, the RNA pellet was 
washed with 200 /xl ethanol, mixed by vortexing and collected by centrifugation at 7,500g 
for 5 minutes at 4°C. Finally the RNA pellet was briefly air-dryed and stored at -20°C. 

For cDNA synthesis and PCR amplification , the RNA pellet was dissolved in 15 /xl 
random primers (20 ng//xl, pdN 6 , Pharmacia), prepared in DEPC-treated or HPLC grade 
water. After denaturation at 70 °C for 10 minutes, 5 /xl cDNA mix was added, composed 
of 4 fi\ 5x AMV-RT buffer (250mM Tris.HCl pH 8.5, lOOmM KC1, 30mM MgCl 2> 25 
mM DTT), 0.4 /xL 25mM dXTPs, 0.2 /xl or 25U Ribonuclease Inhibitor (HPRI, 
Amersham), and 0.3 /d or 8U AMV-RT (Stratagene). cDNA synthesis occured during the 
90 minutes incubation at 42°C. The HIV RT gene was than amplified using the following 
reaction mixture: 5 /xl cDNA, 4.5 /d 10x Taq buffer, 0.3 /xl 25 mM dXTPs, 1 /xl (10 
pmol) of each PCR primer, 38 /xl H,0, and 0.2 /xl (1 U) Taq. The primers for 
amplification had the following sequence: outer sense RT-9: 5' bio- 
GTACAGTATTAGTAGGAGCTACACCTGTC 3' (SEQ ID NO 96); nested sense RT-1: 
5' bio-CCAAAAGTTAAACAATGGCCATTGACAGA 3' (SEQ ID NO 97); nested 
antisense RT-4: 5' bio-AGTTCATAACOCATCCAAAG 3' (SEQ ID NO 98); and outer 
antisense primer RT-12: 5' bio-ATCAGGATGGAGTTCATAACCCATCCA 3' (SEQ ID 
NO 99). Annealing occured at 57°C, extension at 72°C and denaturation at 94°C. Each 
step of the cycle took 1 minute, the outer PCR contained 40 cycles, the nested round 35. 
Nested round PCR products were analysed on agarose gel and only clearly visible 
amplification products were used in the LiPA procedure. Quantification of viral RNA was 
obtained with the HIV Monitor™test (Roche, Brussels, Belgium). 

Selected PCR products , amplified without 5' biotine primers, were cloned into the 
pretreated EcoRV site of the pGEMT vector (Promega). Recombinant clones were selected 
after a-complementation and restriction fragment length analysis, and sequenced with 
plasmid primers and internal HIV RT primers. Other biotinylated fragments were directly 
sequenced with a dye-terminator protocol (Applied Biosystems) using the amplification 
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PCR primers were chosen outside the target regions for probe design. The 
amplified region located inside the nested primers covered the HIV-1 RT gene from codon 
29 to codon 220. The primer design was based on published sequences from the HIV-1 
genotype B clade. European and United States HIV-1 positive serum samples, stored 
appropriately (at -20°C) without repeating freezing-thawing cycles, were PCR positive in 
96% of the cases (not shown). The annealing temperature for the selected primers seemed 
to be crucial (57°C). At 55°C, a second aspecific amplicon of approximately 1500-bp was 
generated; and at 59°C the amount of specific fragment decreased drastically. With the 
current primer combination, the corresponding RT region could be amplified from isolates 
of the genotype A, C, D and F clade, but with a reduced sensitivity. 

A total of 25 selected PCR fragments with the target polymorphisms and mutations 
were retained as reference panel and sequenced on both strands. The selection occurred 
during the evaluation of the probes, and these samples originated from naive or drug- 
treated European or US patients. Biotinylated PCR products from this panel (Accession 
Number L78133 to L78157) were used to test probes for specificity and sensitivity. 
b.2 Nucleotide target region for probe design and probe selection. 

Table 4 and parts of Figure 1 are a compilation of the natural and drug-selected 
variability in the vicinity of aa 41, 69-70, 74-75, 184, 215, and 219 of the HIV RT gene. 
To create this table and parts of this figure, the "National Centre for Biotechnology 
Information" database was searched and all HIV-1 genome entries were retrieved and 
analyzed one by one. Only those entries displaying non-ambiguous sequence information in 
the vicinity of the above-mentioned codons were retained for further interpretation. It 
should be noted that the indicated variations do not imply that they occur in the same 
sequence: for example the variability observed at codon 40 and 43 may occasionally occur 
together, but most often, if they occur, only one of them is found. In these 6 regions, a 
total of 19 different third-letter and two first-letter (codon 43 AAG versus GAG and codon 
214 TTT versus CTT) polymorphisms need to be included in the selection of wild type 
probes. Another 13 first-letter and/or second-letter variations are drug-induced and are the 
main targets for the selection of probes (Figure 1). 

For the design of relevant probes, only those database motifs that systematically 
returned (highly prevalent motif) were included, while scattered mutations which were 
found randomly (low prevalent motif, not shown) were ignored. Based on database 
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b.3 Probe specificity and sensitivity 
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The 48 selected probes were applied separately on UP A strips. Biotinylated PCR 
fragments generated from the reference panel or directly from plasma virus were alkali- 
denatured, the hybridization buffer and LiPA strips were added, and submitted to stringent 
hybridization and washing conditions. Positions where hybridization occurred were 
revealed by the biotine-streptavidine colorimetric detection system. Figure 2 (A to F) 
shows the reactivity of these 48 designed probes. In the right columns of Table 4, there is 
the indication of the corresponding strip in Figure 2, and the accession number of the 
reference panel clone used to obtain this reactivity. The reactivities of these probes were 
concordant with the nucleotide sequences. False positive reactivities were observed only 
for probe 41wl9 (Fig. 2A.9) and for 70m3 (Fig. 2B.8), with extremely rare sequence 
motifs 41ml2 (prevalence less than 0.3%) and 70ml6 (not experimentally found), 
respectively. Weak cross-reactivity, as was observed on probe 41ml3 with a 41m27 motif 
(Figure 2A.10) was, in general, not tolerated in the probe design. When occurring, 
however, it never influenced the genotypic resistance interpretation. 
b.4 Applicability of the liPA in patient management. 

We selected follow-up samples from three patients and analyzed the viral genotype 
on the 48 LiPA probes. Figure 3 illustrates the applicability of genotypic resistance 
measurement in conjunction with the analysis of viral load and CD4 cell count. All three 
patients had a wild type virus (i.e. M41-T69-K70-L74-V75-M184-F214-T219-K219) strain 
in the sample collected before anti-retroviral treatment. Codon positions that changed upon 
treatment are presented in Figure 3. 

From Patient 91007, 11 serum samples were analyzed, the first sample being 
collected 2 weeks before the start of therapy. The LiPA revealed that before treatment, in 
a T215 context, two variants at codon position 213 were predominantly present (GGG and 
GGA respectively detected by probe 215wll and 215w9/215w29). From week 50 until 
week 81, a mixture of T215 and Y215 could be detected. Both variants at codon 213 were 
also represented in the selected resistant genotypes (probes 215ml7 and 215ml4 are 
positive). From week 94 onwards, only Y215 mutant virus could be detected. A nearly 
identical geno-conversion at codon 41 was observed, with the detection of mixtures (M41 
and L41) from week 81 until week 111; from week 126 onwards, only L41 could be found 
(strips not shown). CD4 values were highly variable. Nevertheless, a continuous decrease 
in CD4 is apparent (p=0.019, linear regression analysis). Viral load also decreased 
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about the genetic constitution of the RT gene in the vicinity of codon 41, 69, 70, 74, 75, 
184, 215, and 219 at the nucleotide and, hence, also at the deduced protein level. 
Essentially, the biotinylated RT PCR product is hybridized against immobilized specific 
oligonucleotides (Table 4), which are directed against the indicated codon variabilities. 

5 Following this reverse-hybridization, the oligonucleotide-biotinylated-PCR-strand hybrid is 
recognized by the streptavidine-alkaline phosphate conjugate, which then in turn converts 
the alkaline phosphate substrate into a purple brown precipitate. 

Using this assay, we studied the specificity and reactivity of 48 probes, covering 6 
different regions. This combination should allow the reliable detection of most of the 

10 genetic resistance-related codon combinations observed to date. Occasionally occurring 
mutations in the vicinity of the target codons, not taken into consideration during probe 
design, may eventually prevent hybridization of the probes for a particular target region. 
This problem is partially solved by the redundancy of probes at the most important codons. 
Results obtained using 358 HIV infected plasma samples showed that, depending on the 

15 codon position under investigation, between 82.4% and 100% of the combinations could be 
detected, or an average of 92.7%. It is important to mention here that the assay was 
developed for resistence detection of the HIV- 1 genotype B, and only limited information 
is currently available about the outcome of this assay with other genotypes. Since the 
amplification primer combination is more or less universal for all the HIV-1 isolates, some 

20 of the indeterminate results may well be due to the presence of non-genotype B virus 
strains. 

So far, several assays for the detection of the wild-type and drug-selected mutations 
in the HIV RT gene have been described. These include Southern blotting (Richman et al., 
1991), primer-specific PCR (Larder et al., 1991), PCR-LDR (Frenkel et al., 1995), 

25 RNAse A mismatch cleaving (Galandez-Lopez et al., 1991), and hybridization against 
enzyme-labeled probes (Eastman et al., 1995). The general advantage of the LiPA and 
other genotypic assays is the speed by which results are obtained when compared to 
phenotypic assays. The particular advantage of our test is its multi-parameter (in this 
particular case multi-codon) format. Moreover, the assay can easily be extended not only 

30 for the screening of the other RT-codons, but also for proteinase codons associated with 

resistance (Mellors et al., 1995). As was illustrated in Figure 3, mixtures of wild-type and 
drug-selected mutations can be detected easily. The detection limit for these mixtures is 
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load and CD4 cell changes is a prerequisite. However, knowledge concerning the genetic 
constitution of the vims may also be an important factor in designing optimal treatment 
schedules. Optimizing therapies making good use of available information (viral load, CD4 
cell count, genetic resistance) has remained largely unexploited. If this was partially due to 
the complexity of screening for all the mutational events, the above-described LiPA 
technology should remove one key obstacle. 

In conclusion, we have described a genotypic assay for the detection of wild type 
and drug selected codons in the HIV RT gene. The combination of the assay result along 
with viral load and CD4 cell monitoring should permit better design of patient-dependent 
optimal treatment schedules. 

Example 2; 

Multi-Drug Resistant (MDR) HIV-1 isolates have been described. These MDR 
isolates are characterized by having mutations in their genome, compared to the wild type 
HIV-1 genome, which result in a set of amino acid changes. A key mutation leading to 
multi-drug resistance was found to be localized in codon 151 of the HIV-1 RT gene. 
Consequently, and as detecting these MDR isolates is clinically important, we designed 
probes recognizing wild-type (probe 151w2) and mutant (probes 151m4 and 151ml9) HIV- 
1 isolates. Furthermore, the presence of polymorphisms in the direct vicinity of codon 151 
(codon 149) and at codon 151 have been described. Therefore, we also designed two 
additional probes (probes 151w6 and 151wll) which detect these polymorphisms (Figure 4 
and Table 3). 

Treatment with non-nucleoside analogues, such as Nevirapine (Boehringer 
Ingelheim), selects for several amino acid changes in conserved regions of the HIV-1 RT 
gene. One of the most important amino acid changes is Y181C, a codon change that 
confers high level resistance. As the detection of this mutation is also clinically important, 
we designed probes recognizing the wild-type (181w3 and 181w5) and mutant (181m7) 
isolates (Figure 4 and Table 3). 

Figure 4 shows the application of the selected probes for codon 151 and 181. The 
position of the probes on the strips is indicated on the right side of the strips. LiPA strips 
were incubated with sequence-confirmed PCR fragments, extracted and amplified from: a 
wild type HIV-1 isolate (strip 1), a wild type HIV-1 isolate with a polymorphism at codon 
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Table 1 



AZT 



ddl 



10 



ddC 



15 



20 



d4T 

3TCor 
FTC 

1592U89 



25 





33 


M41L 


ATG to TTG or CTG 


D67N 


GAC to AAC 


K70R 


AAA to AGA 


T215Y 


ACC to TAC 


T215F 


ACC to TTC 


K219Q 


AAA to CAA 


K219E 


AAA to GAA 


K65R 


AAA to AGA 


L74V 


TTA to GTA 


V75T 


GTA to ACA 


Ml 84V 


ATG to GTG 


K65R 


AAA to AGA 


T69D 


ACT to GAT 


L74V 


TTA to GTA 


V75T 


GTA to ACA 


M184V 


ATG to GTG 


Y215C 


TTC to TGC 


I50T 


ATT to ACT 


V75T 


GTA to ACA 


M184V 


ATG to GTG or GTA 


Ml 841 


ATG to ATA 


K65R 


AAA to AGA 


T 1A\7 
L,W V 


TTA Tr\ HTA 
1 1A 10 UlA 


Y115F 


TAT to TTT 


M184V 


ATG to GTG 
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Nevirapine 



10 

TIBO 
R82150 
TIBO 
R82913 

15 



20 L697.593 
L697.661 
L697.661 

25 
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BHAP 



34 



A98G 


GCA to GGA 


L10OI 


— . 4 HP A 

TTA to ATA 


K103N 


AAA io AAC 


V106A 


GTA to GCA 


V1081 


GTAtoATA 


Y181C 


TAT to TGT 


Y181I 


TGT to ATT 


Y188C 


TAT to TGT 


G190A 


GGA to GCA 


L1991 


TTA to ATA 



TTA to ATA 
AAA to AAC 
GTA to GCA 
GAG to AAG 
TAT to TGT 
TAT to CAT 
TAT to TTA 
AAA to AAC 
TAT to TGT 
GCA to GGA 
TTA to ATA 
AAA to GAA 
AAA to AAC 
AAA to CAA 
GTA to GCA 
GTT to GAT 
GTT to GAG 
TAT to TGT 



L100I 

K103N 

V106A 

E138K 

Y181C 

Y188H 

Y188L 

K103N 

Y181C 

A98G 

L100I 

K101E 

K103N 

K103Q 

V1081 

V179D 

V179E 

Y181C 
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U-90152 P236L 
BHAP K101E 
U-87201 K103N 
Y181C 

5 Y188H 

E233V 
P236L 
K238T 

BHAP L1001 
10 U-88204 V106A 

Y181C 
Y181I 

HEPT Y188C 
E-EBU Y181C 
15 E-EBU-dM Y106A 
E-EPU and Y181C 
E-EPSeU Y188C 
a-APA Y181C 
R18893 

20 S-2720 G190E 
TSAO E138K 
BM+51.0836 Y181C 
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CCT toCTT 
AAA to GAA 
AAA to AAC 
TAT to TGT 
TAT to CAT 
GAA to GTA 
CCT to CTT 
AAA to ACA 
TTA to ATA 
GTA to GCA 
TAT to TGT 
TGT to ATT 
TAT to TGT 
TAT to TGT 
GTA to GCA 
TAT to TGT 
TAT to TGT 
TAT to TGT 

GGA to GAA 
GAG to AAG 
TAT to TGT 
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HIV RT wild-type and drug resistance 

Formula nrohe Sequent* olioo. 



nrn IP Mn PRnB& selection. 



wild-type probes 

E40M41K43 

E40M41K43 

M41K43 

E40M41 

E40M41K43 

E40M41K43 

E40M41K43 

E40M41 

E40M41 

E40M41K43 

E40M41K43 

E40M41K43 

E40M41K43 

E40M41K43 



for position M41 



41w7 
41W15 
41W16 
41W18 
41W19 
41*20 
41W30 
41*31 
41vw32 
41vs/33 
41*34 
41v/55 
41W36 
41*37 



AGAAATGGAAAAGGA 
TGTACAGAAATGGAA 
AAATGGAAAAGGAAG 
TACAGAGATGGAAA 
GTACAGAGATGGAAA 
AGAGATGGAAAAAGA 
AGAAATGGAGAAGGA 
ACAGAGATGGAAAA 
GTACAGAGATGGAA 
CAGAGATGGAAAAG 
AGAAATGGAAAAAGA 
GAAATGGAAAAAGA 
CAGAAATGGAAAAAGA 
AGAAATGGAAAAAGAA 



drug-induced 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41K43 
E40L41 
E40L41 
E40L41K43 
E40L41E43 
E40L41E43 
E40L41E43 
E40L41E43 
E40L41E43 



variant probes for position L41 
4im8 



4imll 

4iml2 

4im13 

4imi4 

4im2l 

4im22 

4im23 

4im24 

4im25 

4im26 

4lm27 

4im28 

4im29 



AGAATTGGAAAAGGA 
AGAGTTGGAAAAGGA 
AGAGCTGGAAAAGG 
AGAACTGGAAAAGG 
GAGCTGGAAAAGG 
ACAGAATTGGAAAAG 
ACAGAATTGGAAAA 
ACAGAACTGGAAAA 
AGAATTGGAAGAGG 
CAGAATTGGAAGAGG 
AGAATTGGAAGAGGA 
AGAACTGGAAGAGG 
CAGAACTGGAAGAGG 
AGAACTGGAAGAGGA 



K49li» ATTTCAAGAATTGGG 

R49,5 ° TTCAAAAGTTGGGC 

«w|3 CAAAAATCGGGCCTG 

50wv14 AAAAATCGGGCCTGA 



K49V50 
K49150 
K49T50 



1 y 

2 y 

3 
4 
5 

6 y 

7 y 
8 

9 y 

10 

11 

12 
13 y 

14 



15 

16 y 

17 y 

18 y 
19 

20 y 

21 

22 

23 y 

24 

25 

26 y 

27 

28 



29 y 

30 y 

31 y 

32 y 

33 y 



34 y 



TS9K7 ° tSS astsataaatggagaa 



35 y 



36 y 

37 y 

38 y 
40 
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T69R70 


70m6 


T69R70 


70m12 


T69R70 


70m13 


N69R70 


70m14 


A69R70 


70m15 


A69R70 


70ml6 


A69R70 


70m17 


D69R70 


70m18 


D69R70 


70m19 


D69R70 


70m2u 


D69R70 


70m21 
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GTACTAGATGGAGA 

AGTACTAGATGGAGA 

AGTACAAGATGGAGA 

CAGTAATAGATGGAG 

ACAGTGCTAGATGGA 

CAGTGCTAGATGGA 

CAGTGCTAGATGGA 

CAGTGATAGATGGA 

CAGTGATAGATGGAG 

AGTGATAGATGGAG 

AGTGATAGATGGAGA 



wild-type probes for positions L74 or V75 
K73L74V75D76 74w5 GAGAAAATTAGTAGATTT 
K73L74V75D76 74w8 AAAATTAGTAGACTTC 
K73L74V75D76 74w9 GAGAAAGTTAGTGGATT 

drug-induced variant probes for positions V74 or T75 
K73V74V75D76 74m6 AGAAAAGTAGTAGATTT 
K73L74T75D76 74m 10 AAAATTAACAGATTTC 
K73L74T75D76 74m 11 GAAAATTAACAGATTT 
K73L74T75D76 74m 12 G AAAATTAACAGATTTC 

wild-type probes for position Q151 
P150Q151G152 151w2 CTTCCACAGGGATGG 
P150Q151G152 151w6 CTTCCACAAGGATGG 
P150Q151G152 151W11 TGCTCCCACAGGGATG 

drug-induced variant probe for position M1S1 
P1S0M151G152 151m4 CTTCCAATGGGATGG 
P150M151G152 151m19 GCTTCCAATGGGATGG 

wild-type probe for position Y181 

Y181 181W3 AGTTATCTATCAATACAG 

drug-induced variant probe for position C181 
C181 181m7 AGTTATCTGTCAATAC 



wild-type probes 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 

Q182M184 



for position M184 
184W11 TCAATACATGGATGAGG 
184w17 TCAGTACATGGATGAGG 
184W18 ATCAATACATGGATGA 
184W19 TCAGTACATGGATG 
184W21 ATCAATATATGGATG 
184W22 ATCAATATATGGATGA 
184w23 TCAATATATGGATGA 
184w24 TCAATACATGGACGA 
184w25 CAATACATGGACGAT 
184w26 TCAATACATGGACGAT 



drug-induced variant probes for position V184 or 1184 

Q182V184 184m12 CAATACGTGGATGAGGG 

1184 184m13 AATACATAGATGAT 

Q182I184 184m14 CAATACATAGATGAT 

Q182I184 184tn15 CAATACATAGATGATT 

Q182V184 184m16 CAATACGTAGATGAT 

Q182V184 184m20 TCAATACGTGGATGA 

Q1821184 184m27 TCAATACATAGATGAT 

Q182I184 184m28 ATCAATACATAGATGAT 



y 
y 
y 



42 
43 
44 
45 
46 
47 y 
48 
49 y 
50 
51 
52 



53 y 

54 y 
55 



56 y 
57 
58 
59 y 



60 y 

61 y 

62 y 



63 
64 



65 y 



67 ; 

68 ; 
69 
70 
71 
72 
73 
74 
75 
76 



77} 

78 

79 

80 

81 

82 

83 

84 
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wild-type prooes 

G213F214T215 
L214T215 
F214T215 
F214T215 
T215 
T215 

G213L214T215 

G213F214T215 

G213F214T215 

G213F214T215 

G213F214T215 

G213L214T215 

G213F214T215 

G213F214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 

G213L214T215 
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tor position T215 
215w9 GGATTTACCACACCA 
215w10 GACTTACCACACCA 
215w11 GGTTTACCACACCA 
215w16 GATTTACCACACCA 
215w22 TTACTACACCAGAC 
215w24 TTACCACACCAGA 
215w27 TGGGGACTTACCAC 
215w29 TGGGGATTTACCAC 
21SW32 GGGGTTCACCACAC 
215w33 GGGATTCACCACAC 
215w34 GGGATTTACCACACCAG 
215w35 TGGGGACTTACCACACC 
215W36 TGGGGGTTTACCACACC 
215w37 GGGATTTACTACACCAG 
215w52 GGGATTAACCACAC 
215w53 GGGGATTAACCACA 
215w54 TGGGGATTAACCACA 
215w55 GGGGGTTAACCACA 
215w56 GGGGTTAACCACAC 
215w57 TGGGGGTTAACCAC 
215w65 GGGATTGACCACAC 
215w66 GGATTGACCACACC 
215w87 GGGATTGACCACA 
215w88 GGGACTGACCACA 
215w69 GGGACTGACCACAC 
215w70 TGGGGGTTAACCACA 
215W71 TGTGGTTAACCCCCA 
215w51 GGGGCTTACCACAC 



drug-induced variant probes for position Y21S or F215 
G213L214Y215 215m13 GGA CTTTA CACACC 
G213F214Y215 215m14 GG GTTTTA CACACC 
G213F214F215 215m15 GG ATTTTT CACACCA 
G213F214Y215 215m17 GGATTTTACACACC 
G213F214Y215 215m38 GGGA TTTTA CACACCAG 
G213F214F215 215m39 GGGATTTTTCACACCAG 
G213F214Y215 215m40 GGGAT TTTAC ACAC 
G213F214Y215 215m41 GGGGATTTTACACA 
G213F214Y215 215m43 CCC TAAAA TGTGTG 
G213F214F21S 215m44 G GATTTT TCACACC 
F214F215 215m45 GATT TTTCAC ACCA 

G213F214F215 215m46 GGGATTTTTCACAC 
G213F214Y215 215m42 C CCGTA AAATGTGT 
F214Y215 215m47 GGTTTTATACACCA 

G213F214Y215 215m48 GGGTTTTATACACC 
G213F214Y215 215m49 GGGGTrTTATACAC 
G213L214T215 215m50 GGGGGCTTACCACA 
G213F214Y215 215m61 GGATTCTACACACC 
F214Y215 215m62 GATTCTACACACC 
G213F214Y215 215m63 GGATTCT ACACAC 
G213F214Y21S 215m64 GGGATTCT ACACAC 
G213F214Y215 215m72 GG GTTT TATACCCC 
F214Y215 215m73 G GTTTT ATACCCC 

F214Y215 215m74 GTTTTATACCCCA 

wild-type probes for position K219 

I»19 219W1 ACCAGACAAAAAACA 

K219 219W2 ACCAGACAAAAAAC 



85 y 

86 y 

87 y 
88 
89 y 
90 

91 y 

92 y 
93 
94 y 
95 
96 
97 
98 
99 

100 v 

101 

102 

103 

104 

105 

106 

107 ; 

108 

109 

110 

111 

112 



113 y 

114 y 
115 
116 y 
117 
118 
119 
120 
121 
122 
123 y 
124 
125 
126 
127 

128 y 

129 y 

130 y 
131 
132 
133 
134 
135 
136 



137 
138 y 
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W 39 ™ 

K219 219w3 CACCAGACAAAAAAC 139 

K219 219W13 CAGACAAGAAACAT 140 

K219 219W14 CCAGACAAGAAACA 141 

K219 219W15 ACCAGACAAGAAACA 142 

K219 219W16 AGACAAAAAGCATC 143 y 

K219 219w17 CAGACAAAAAGCAT 144 

K219 219w18 CAGACAAAAAGCATC 145 

K219 219w19 CCAGATAAAAAACA 146 

K219 219w20 ACCAGATAAAAAAC 147 

K219 219w21 CCCAGATAAAAAACA 148 

K219 219w22 CCAGATAAAAAACATC 149 

K219 219W23 CACCAGATAAAAAAC 150 

K219 219w24 CAGACAAGAAACATC 151 

K219 219w25 ACCAGACAAGAAAC 152 

drug-induced variant probes for position Q219 or E219 

0219 219m4 ACCAGACCAAAAACA 153 

E219 219m5 ACCAGACGAAAAACA 154 

Q219 219m6 ACCAGATCAAAAACA 155 

0219 219m7 ACCAGATCAAAAAC 156 y 

0219 219m8 CACCAGATCAAAAAC 157 

E219 219m9 ACCAGACGAAAAAC 158 y 

E219 219m10 CCAGACGAAAAACA 159 

Q219 219m11 CCAGACCAAAAACA 160 

0219 219m12 ACCAGACCAAAAAC 161 
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CLAIMS 

1 Method for determining the susceptibility to antiviral drugs of viruses which 

contain reverse transcriptase genes and are present in a biological sample, comprising: 

(i) if need be releasing, isolating or concentrating the polynucleic acids present in the 
sample; 

(ii) if need be amplifying the relevant pan of the reverse transcriptase genes present in 
said sample with at least one suitable primer pair; 

(iii) hybridizing the polynucleic acids of step (i) or (ii) with at least two RT gene 
probes, with said probes being applied to known locations on a solid support and 
with said probes being capable of simultaneously hybridizing to their respective 
target regions under appropiate hybridization and wash conditions allowing the 
detection of homologous targets, or with said probes hybridizing specifically with a 
sequence complementary to any of said target sequences, or a sequence wherein T 
of said target sequence is replaced by U; 

(iv) detecting the hybrids formed in step (iii); 

(v) inferring the nucleotide sequence at the codons of intrest as represented in any of 
Figure 1, or Tables 1, 2 or 4 and/or the amino acids of the codons of intrest and/or 
antiviral drug resistance spectrum, and possibly the type of viral isolates involved 
from the differential hybridization signal(s) obtained in step (iv). 

2. Method according to claim 1 , wherein said viruses are HIV strains. 

3. Method according to claim 2, wherein said RT gene probes hybridize specifically to 
one or more target sequences as represented in any of figure 1 or tables 1, 2 or 4. 

4. Method according to claim 1, wherein step (iii) consists of hybridizing with at least 
two probes hybridizing specifically to one or more target codons within region I as 
represented in Figure 1. 

5. Method according to claim 1, wherein step (iii) consists of hybridizing with at least 
two probes hybridizing specifically to one or more target codon within region II as 
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represented m rigu.v 

t Med,od according ,0 Cairn 1. wherein s,ep (ui) consists of hybrid wi* - « 
L pi hybridizhrg specifics ,o one or more ^ codons widnn regton - 
represented in Figure 1 

7 Method according . Cairn 1. wherein srep (in, consists of hybridizing wid, « - 
tw „ probes hybridizing specific.., ro one or more urge, codons widnn reg,on .V 



represented in Figure 1 



8 „e,hod according ,o Cain, 1. wherein s*p (iii) consists of hybridizing with a. .eas. 
L pro*s hybrids steady ,o - or more urge, codons widun reg,o„ V as 



10 represented in Figure 1. 



9 Merhod according - Cairn . , wherein step (Hi, consist of ^ « - 

L probes hybridizing specific* ro one or more urge, codons wdnn reg,on V. 



represented in Figure 1 



15 



10 . Medtod according ,o cUhn , wherein srep (hi, cnosisu of hy«^ - - 
M p^es hybridizing specific*., » one or more urge, codons wdnn reg,o„ 



represented in Figure 1 



L probes hybridize specify, » one or more urge, crrfons wnmn regKn V,., 



represented in Figure 1 



» ,2 Medtod according ro claim 1, wherein step (iii, consisu of hybridizing with at 
M le firs^ hybrtdilg specific to one or more urge, — - J ^ 
vm as rlpresemed in Figure , and a, .east one other second probe 
„ one or more urge, codons within an, region „o Vm as represent . *** 

13 . Probe on a so»d snppor, which is sn,uh.e for hybridiztng in a memod as defined in 
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any of claims 1 to 12 and which is preferably represented in Table 3. 

14. Composition comprising at least two probes according to claim 12. 

15. A kit for inferring the nucleotide sequence at codons of interest in the HIV RT 
gene and/or the amino acids corresponding to these codons and/or the antiviral drug 
resistance spectrum of HIV isolates present in a biological sample comprising the following 
components: 

(i) when appropiate, a means for releasing, isolating or concentrating the polynucleic 
acids present in said sample; 

(ii) when appropriate, at least one of the above-defined set of primers; 

(iii) at least two of the probes as defined above, possibly fixed to a solid support; 

(iv) a hybridization buffer, or components necessary for producing said buffer; 

(v) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization. 

(vii) when appropriate, a means for attaching said probe to a solid support. 

16. A kit for inferring the HIV RT resistance spectrum of HIV in a biological sample, 
coupled to the identification of the HIV isolate involved, comprising the following 
components: 

(i) when appropiate, a means for releasing, isolating or concentrating the polynucleic 
acids present in the sample; 

(ii) when appropriate, at least one of the sets of primers as defined above; 

(iii) at least one of the probes as defined above, possibly fixed to a solid support; 

(iv) a hybridization buffer, or components necessary for producing said buffer; 

(v) a wash solution, or components necessary for producing said solution; 

(vi) when appropriate, a means for detecting the hybrids resulting from the preceding 
hybridization; 

(vii) when appropriate, a means for attaching said probe to a solid support. 
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Figure 1 Natural and drug-induced variability in the vicinity of codons 41, 50, 67-70, 70-75, 
151,181-184, 215 and 219 of the HIV RT gene. 
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Fig 2e 
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Figure 3 
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